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INTRODUCTION 
Recent yea r s  have experienced a f l u r r y  
of a c t i v i t y  i n  l i g h t n i n g  p r o t e c t i o n  
c i r c l e s  and p r o t e c t i o n  technology. 
Most of t he  development i n  p r o t e c t i o n  
technology has  been l i m i t e d  t o  some 
form of e l e c t r i c a l  and e l e c t r o n i c  c i r -  
c u i t  p r o t e c t o r s .  However, t h e r e  has  
been some a c t i v i t y  i n  t h e  s t r o k e  pro- 
t e c t i o n  f i e l d .  Most of t h e s e  have 
involved "bigger  and b e t t e r "  s t r o k e  
c o l l e c t o r s  ( a i r  t e r m i n a l s ) ,  inc luding  
the  r a d i o a c t i v e  v a r i e t y .  One o r  more 
of t hese  developments r e s u l t e d  i n  low 
impedance down conductors .  
A l l  except  one company has  been con- 
c e n t r a t i n g  i n  the  f i e l d  of what may be 
termed a "Co 1 l e c  t o r-D i ve  r t e r I' System 
i n  some form. I n  c o n t r a s t ,  LEC, I n c .  
of Boulder, Colorado has  developed a 
l i g h t n i n g  s t r i k e  prevent ion  system and 
has  success fu l ly  completed i n s t a l l a -  
t i o n  of over 1000 systems i n  many of 
t h e  l i g h t n i n g  a c t i v e  a r e a s  of theworld. 
t e rmina l .  Fu r the r ,  it i s  a f a r  more 
e f f e c t i v e  a i r  te rmina l  i f  used a lone .  
This  paper desc r ibes  t h e  LEC Sp l ine  
Ball Ion ize r@ ( S B I )  and t h e  Sp l ine  
Ball Terminalm fSBT) f ami l i e s  and how 
t h e i r  use i n  a convent ional  l i g h t n i n g  
p r o t e c t i o n  system can achieve s t r i k e  
prevent ion i n  a convent i ona l  set t ing  . 
LIGHTNING AS I T  INFLUENCES 
A PROTECTION SYSTEM 
Lightning i s  usua l ly  i n i t i a t e d  by a 
downward moving channel of charge 
s t a r t i n g  from t h e  cloud and moving 
toward t h e  e a r t h  i n  s t e p s .  These 
channels  a r e  termed "Step Leaders" 
because they  move i n  s t e p s .  A s  t h e s e  
channels o r  l e a d e r s  move toward t h e  
e a r t h ,  t h e  e l e c t r o s t a t i c  f i e l d  between 
them and earth-bound o b j e c t s  r ise  
r a p i d l y .  
The primary ques t ion  
t h a t  s t e p  l eade r  terminate?"  To t h a t  
end, a g r e a t  d e a l  of research  has  been 
is  "where w i l l  
- - - 
That system is  known a s  t h e  Diss ipa t ionaccompl ished  and recorded,. It seems 
Array@ System (DAS@). Although t h e  
DAS has achieved an impressive record  func t ion  of two de f inab le  f a c t o r s  i n  
f o r  prevent ing  s t r i k e s  t o  l a r g e  areas a d d i t i o n  t o  random chance. 
and t a l l  s t r u c t u r e s ,  i t  has  notye t  been 
included i n  any of t h e  recognized RANDOM CHANCE w e  a r e  t o l d  determines 
s tandards  such as NFPA-76 o r  UL 96. t h e  path t h e  l eade r  w i l l  t ake  u n t i l  
There a r e  many reasons given why t h e  t h a t  l e a d e r  reaches the  "Point of 
DAS is  not p a r t  of an accepted s tandard  Discr iminat ion".  Refer  t o  F igure  1. 
but  perhaps the  most v a l i d  reason i s  
t h a t  t h e r e  i s  no s tandard  t h a t  providesTHE POINT OF DISCRIMINATION i s  t h a t  
f o r  such a r evo lu t iona ry  concept.  A l l  po in t  i n  t h e  l eade r  descent  path where 
s tandards  provide f o r  s t r o k e  c o l 1 e c t i o n ; t h e  s t r i k e  poin t  i s  determined; and 
the  DAS f a c i l i t a t e s  s t r o k e  prevent ion .  i s  a l s o  the  beginning poin t  of t h e  
The demans on system des ign  a r e ,  t h e r e - l a s t  s t e p .  It i s ,  t h e r e f o r e  about one 
fo re ,  s i g n i f i c a n t l y  d i f f e r e n t .  To f u l l  s t e p  from e a r t h .  This  d i s t a n c e  
r e so lve  t h a t  problem and provide a i s  a l s o  r e f e r r e d  t o  a s  t h e  " s t r i k i n g  
s t roke  prevent ion system t h a t  does d is tance"  . 
q u a l i f y  under UL 96 ,  LEC has  developed 
an I o n i z e r  ( t h e  main component of t h e  THE STRIKING DISTANCE i s  t h e  l eng th  of 
DAS) t h a t  a l s o  q u a l i f i e s  as an a i r  t h e  pa th  between t h e  Poin t  of D i s -  
t h a t  t h e  s t r o k e  te rmina t ion  i s  a 
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c r imina t ion  and any p o t e n t i a l  s t r i k e  Conventional c o l l e c t o r s  o r  a i r  termin- 
terminus r e g a r d l e s s  of d i r e c t i o n .  
may a l s o  be cons idered  t h e  maximum 
d i s t a n c e  between t h e  t i p  of t h e  l e a d e r  t h e  r e l a t e d  energy t o  e a r t h  by some 
and t h e  s t r o k e  terminus.  The S t r i k i n g  p r e f e r r e d  pa th .  L ightn ing  rods  are 
Distance and t h e  s t e p  l eng th  a r e  t y p i c a l  of  t h e s e  u n i t s  and t h e  most 
approximately t h e  same va lue .  Both are widely used: 
s t a t i s t i c a l  q u a n t i t i e s  dependent on 
t h e  i n t e n s i t y  of  t h e  ensuing  l i g h t n i n g  These rods  t ake  on va r ious  configur-  
s t r i k e .  These va lues  are e s t ima ted  a t i o n s  from poin ted  t o  b l u n t  and some 
v i a  F igure  2 .  Note t h a t  t h e s e  s t e p s  t i m e s  o f f e r  s e v e r a l  secondary p o i n t s .  
and t h e  s t r i k i n g  d i s t a n c e s  vary  from The usua l  app l i ca ton  c a l l s  f o r  t h e  
a low of approximately 20 meters t o  a rods  t o  be mounted i n  such a way t h a t  
h igh  i n  excess  of 200 meters. However they  w i l l  c o l l e c t  a s t r o k e  e n t e r i n g  
t h e  average i s  only  about 20 meters t h e i r  cone of p r o t e c t i o n .  Refer  t o  
f o r  a nega t ive  s t r o k e  which i s  t h e  F igure  3 .  I n  p r a c t i c e  we f i n d  t h a t  
most common. For a p o s i t i v e  s t r o k e ,  t h e  so  c a l l e d  "Cone of  P ro tec t ion"  
t h e  average exceeds 45 meters. assumption i s  never 100 percent  e f f e c -  
P lac ing  these  d a t a  i n  pe r spec t ive ,  w e  been used wi th  vary ing  degrees  of 
know t h a t  a f t e r  t h e  l e a d e r  reaches  t h e  success .  It appears  t h a t  t h e  smaller 
Poin t  of Discr imina t ion  t h e  s t r i k e  volume of t h e  assumed cone of protec-  
po in t  has  been determined. Befare  t h a t  t i o n ,  t h e  more e f f e c t i v e  it is  i n  co l -  
t ime,  t h e  pa th  i s  random and inde te r -  l e c t i n g  t h e  s t r o k e  l e a d e r  i f  t h e  
minate.  Therefore ,  on ly  t h e  o b j e c t s  he igh t  i s  not  s i g n i f i c a n t .  Because 
o r  f a c i l i t i e s  w i t h i n  t h e  s t r i k e  zone t h e  cone of p r o t e c t i o n  theory has  
are a t  r i s k .  A s  i l l u s t r a t e d  i n  F ig .  proven i n e f f e c t i v e ,  t h e  u t i l i t y  indus- 
1 ,  a t a l l  tower can be j u s t  o u t s i d e  t r y  moved t o  t h e  "Roll ing Sphere" 
t h e  s t r i k e  zone and not  t a k e  a s t r i k e  concept a l s o  i l l u s t r a t e d .  This  reduc- 
whi le  a b lade  of g r a s s  w i t h i n  t h e  ed t h e  assumed "pro tec ted  volume" 
s t r i k e  zone could be s t r u c k .  Upward s i g n i f i c a n t l y  and appears  t o  more 
moving s t reamers  tend  t o  "compete" f o r  a c c u r a t e l y  d e s c r i b e  t h e  p ro tec t ed  
t h e  downward moving l e a d e r ;  t h e  f i r s t  volume, but  i s  s t i l l  not  100% t r u e .  
t o  connect c l o s e s  t h e  c i r c u i t  c r e a t i n g  
t h e  f l a s h  channel .  The foregoing l i m i t a t i o n  can b e s t  be  
P e r t i n e n t  t o  t h i s  paper i s  t h e  occa- s t anda rds  a r e  based on t h e  premise t h a t  
s i o n a l  h o r i z o n t a l  pa ths  taken  by some t h e  c o l l e c t i n g  volume i s  descr ibed  as 
l e a d e r s .  When l e a d e r s  approach a a cone of  45 degrees  around t h e  v e r t i -  
s t r u c t u r e  a t  some ang le ,  t h e  approach- ca l  c e n t e r l i n e  of t h e  a i r  t e rmina l  f o r  
ing  l e a d e r  c r e a t e s  a h i g h e l e c t r o s t a t i c a  f u l l  360 degrees  i n  azimuth. 
f i e l d  between. This  causes  t h e  poten- e v e r ,  it appears  t h a t  F igure  5 more 
t i a l  t o  r ise h igh  enough t o  s t i m u l a t e  
any d i s c o n t i n u i t y  t o  pass  i n t o  t h e  c o l l e c t i o n  c a p a b i l i t y .  This  is  a 
streamer mode. That streamer may then  func t ion  of t h e  i n a b i l i t y  of t h e  a i r  
"reach out" and c o l l e c t  t h e  l e a d e r  t e rmina l  t o  propagate  e f f e c t i v e  stream- 
caus ing  sha rp  changes i n  t h e  l e a d e r  ers a s  t h e  angle  from t h e  v e r t i c a l  in- 
pa th .  Often 90 degree t u r n s  have been c r e a s e s .  This  a l s o  exp la ins  why t a l l  
observed t o  be caused by t h i s  pheno- s t r u c t u r e s  are o f t e n  s t r u c k  below t h e  
mena. top .  
It a ls  are devices  deployed t o  i n t e r c e p t  
an incoming s t e p  l e a d e r  and d i v e r t  
t i v e .  Cones of  even 10 degrees  have 
understood from Figure  4 .  Indus t ry  
How- 
c l o s e l y  approximates t h e  a i r  t e r m i n a l ' s  
CONVENTIONAL COLLECTORS 
(AIR TERMINALS) 
HYBRIDS (DISSIPATING A I R  TERMINALS) 
A s  uded h e r e i n ,  a hybr id  a i r  terminal 
is one t h a t  p r imar i ly  funct ion$ as an  
I o n i z e r ,  but  when s a t u r a t e d ,  " f a i l s "  
as an a i r  te rmina l .  I n  a d d i t i o n ,  when 
proper ly  designed,  proper ly  deployed 
and used i n  some q u a n t i t y ,  they  w i l l  
func t ion  as a DAS@ and conceivably 
approach 100 percent  e f f e c t i v e n e s s  as 
a s t r o k e  prevent ion  system. 
The LEC Sp l ine  Bal l  Ion ize r@ (SBI) and 
t h e  Sp l ine  Ball TerminalTM (SBT) were 
developed as an  optimized hybr id  a i r  
te rmina l .  F igures  6 and 7 i l l u s t r a t e  
t h e  two conf igu ra t ions .  Both t h e  SBI 
and SBT provide t h e  r equ i r ed  po in t  
spacing t o  maximize t h e  i o n i z a t i o n  
t e c t i o n  System. Model SBT-24 hybr ids  
are used i n  t h e  r equ i r ed  l o c a t i o n s  
around t h e  per iphery.  The Model SBI- 
48 hybr ids  are used i n  t h e  r equ i r ed  
l o c a t i o n s  down t h e  mdidle of t h e  
bu i ld ing .  
I n  a d d i t i o n  t o  t h e  s tandard  demands, 
l o c a t i o n  and sepa ra t ion  d i s t a n c e  be- 
tween SBT o r  SBI'S are a func t ion  of 
two f a c t o r s :  
1. The percentage of s t r o k e s  t o  be 
e l imina ted  ( an  energy r e l a t e d  f a c t o r ) ,  
and 
2 .  The p o t e n t i a l  s t r i k e  zone phys ics .  
c u r r e n t .  A t  t h e  same t i m e  they provideAll  are t r a c e d  o f f  aga ins t  c o s t .  Of  
a po in t  o r i e n t e d  f o r  a t  least  every 5 p a r t i c u l a r  concern t o  t h i s  paper i s  
degrees  i n  azimuth f o r  t h e  f u l l  360 t h e  c r i t e r i a  f o r  t h e  l o c a t i o n  and 
degrees  and a f u l l  120 degrees  i n  ele- spacing of  t h e  SBT f o r  success fu l  
va t ion .  A s  a r e s u l t ,  t h e r e  i s  no d i r -  ope ra t ion  as an  a i r  te rmina l .  
e c t i o n  from which a l eade r  can 
approach t h a t  would not  have a co l l ec -  A s  genera l  cri teria:  
t i v e  poin t  o r i e n t e d  d i r e c t l y  toward it  
and many backup p o i n t s  c l o s e  by. 1 .  For a system t h a t  must s a t i s f y  
UL 96A and/or  o t h e r  s t anda rds ,  t h e  
Both t h e  SBI and SBT have been re- SBT-24 i s  24 inches h igh  and may be 
viewed by Underwri ters  Lab and have used as descr ibed  by t h e  following: 
been l i s t e d  as A i r  Terminals ,  usable  
as such i n  any UL 96 based l i g h t n i n g  
p r o t e c t i o n  system where UL l i s t e d  ter- 
minals  are s p e c i f i e d .  
a. Space each SBT 25 f e e t  a p a r t ,  bu t  
no more than  2 f t .  from t h e  edge of 
t h e  f a c i l i t y .  
b .  Space each row of SBT's no more 
U S I N G  THE SBI AND SBT I N  
STANDARDS BASED SYSTEMS 
than  50 f t .  a p a r t .  
c .  In te rconnec t  rows a t  no more than  
50 f t .  i n t e r v a l s  
d.  Ground each row a t  leas t  every 
Standards such as NFPA-78, UL96A, NAV 
FAG DM4, Army 385-100 are based on t h e  f t ,  
use of a s i n g l e  poin t  l i g h t n i n g  rod 
known as t h e  a i r  te rmina l  o r  some o t h e r  
form of s t r o k e  c o l l e c t o r .  However, 
s i n c e  UL has  l i s t e d  t h e  SBI and SBT, 
2 .  For a non-standard, Col lec tor -  
D ive r t e r  Concept based on t h e  SBT, t h e  
fol lowing r a t i o n a l e  may be appl ied :  
t hese  assemblies  can be used i n  p l ace  
of t he  s i n g l e  po in t  terminal. I n  most 
cases they  can be used as a d i r e c t  re- 
placement. The SBT i s  designed t o  f i t  
i n t o  t h e  convent ional  l i g h t n i n g  rod 
mounting p l a t e .  
NOTE: A non-standard system i s  one 
based on t h e  premise t h a t  a s tandard  
per  se does not  need t o  be s a t i s f i e d .  
It a l s o  fol lows t h a t  s i n c e  t h e  numbers 
of SBT'S r equ i r ed  are reduced, t h e  
d i s s i p a t i o n  c a p a b i l i t y  is  reduced and 
t h e  major p r o t e c t i o n  mode may be t h a t  
of a c o l l e c t o r - d i v e r t e r  concept F igure  8 i l l u s t r a t e s  a t y p i c a l  NFPA- 78 bu i ld ing  p r o t e c t i o n  system t h a t  has  instead of a DAS. 
been converted t o  a Hybrid S t roke  Pre- 
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The o b j e c t  o f  a Col lec tor -Diver te r  
system i s  t o  provide an e f f i c i e n t  
c o l l e c t o r  and a s a f e  d ive r s iona ry  
pa th .  The d ive r s iona ry  pa th  para- 
meters are de f ined  by UL 96A and 1.d 
above. 
The c o l l e c t o r  e f f i c i e n c y  i s  r e l a t e d  
t o  i t s  a b i l i t y  t o  produce streamers 
t h a t  w i l l  propagate  toward t h e  down- 
ward moving l e a d e r  as it  approaches 
t h e  Po in t  of Discr imina t ion .  A s  
i l l u s t r a t e d  i n  F igure  1 ,  t h e  S t r i k e  
Zone f o r  t h a t  l e a d e r  is  a d i s c r e t e  
volume dependent e n t i r e l y  on t h e  
energy i n  t h e  l e a d e r .  High energy 
l e a d e r s  have s t r i k e  d i s t a n c e s  o f  up 
t o  180 meters f o r  t h e  common nega t ive  
p o l a r i t y  and as s h o r t  as about 15 
meters .  P o s i t i v e  s t r o k e  d i s t a n c e s  
are much longer .  From t h e s e  d a t a  it 
i s  ev iden t  t h a t  t o  provide a 100 per- 
cen t  e f f e c t i v e  c o l l e c t i o n  func t ion ,  
t he  SBT must be w i t h i n  t h e  s t r i k e  
zone of  t h e  lowest energy l e a d e r  and 
i t  must be t h e  most prominent streamer 
genera tor  w i t h i n  t h a t  zone. 
The des ign  problem i s  r e l a t e d  t o  t h e  
s i t e  s i t u a t i o n  as w e l l  as t h e  f a c i l i t y .  
Since t h e  p o r t e n t i a l  between t h e  :! 
l e a d e r  t i p  and t h e  c l o s e s t  streamer 
genera tor  (po in t  o r  sha rp  edge) w i l l  
be h i g h e s t ,  it w i l l  be t h e  s t r o k e  
terminus.  Th i s  premise is  t r u e  only  
i f  t h e r e  are no o t h e r  streamer gen- 
e r a t i n g  o b j e c t s  c l o s e  enough t o  
compete wi th  i t .  
Based on t h e  foregoing,  and t h e  
d e s i r e  t o  c o l l e c t  t h e  weakest s t r o k e ,  
i t  would appear t h a t  a s e p a r a t i o n  
d i s t a n c e  equal  t o  t h e  s t r i k e  d i s t a n c e  
would be  t h e  maximum s a f e  s e p a r a t i o n .  
Therefore ,  a spac ing  of no more than  
15 meters o r  approximately 50 f t .  
should be s a f e .  However, a 40 f t .  
s e p a r a t i o n  would o f f e r  a margin of  
s a f e t y .  
A proper ly  completed s t anda rds  based 
system which i s  composed of t h e  LEG 
Spl ine  B a l l  Ion ize r@ hybr id  system 
and w i l l  provide us  wi th  two modes of 
p ro tec t ion :  
1 .  A s t r o k e  prevent ion  mode t h a t  re- 
duces t h e  r i s k  of a s t r i k e  t o  the pro- 
t e c t e d  f a c i l i t y  i n  p ropor t ion  t o  t h e  
s i z e  of  t h a t  f a c i l i t y ,  t h e  s i z e  and 
number of SBI/SBT's used. 
NOTE: 
i s  used and t h e  number of u n i t s  are 
i n  t h e  o rde r  of 100 o r  more, t h e  r i s k  
of a s t r i k e  should be  less than  one 
chance i n  1000. That is  equal  t o  a 
DAS . 
When t h e  SBT/SBI based system 
2.  A S t roke  Col lec tor -Diver te r  Sys- 
t e m  t h a t  i s  f a r  supe r io r  t o  any system 
now i n  use because it c o l l e c t s  s t r o k e s  
e n t e r i n g  t h e  "protected" area from 
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